Animals experience varying levels of predation risk as they navigate heterogeneous landscapes, and behavioral responses to perceived risk can structure ecosystems. The concept of the landscape of fear has recently become central to describing this spatial variation in risk, perception, and response. We present a framework linking the landscape of fear, defined as spatial variation in prey perception of risk, to the underlying physical landscape and predation risk, and to resulting patterns of prey distribution and antipredator behavior. By disambiguating the mechanisms through which prey perceive risk and incorporate fear into decision making, we can better quantify the nonlinear relationship between risk and response and evaluate the relative importance of the landscape of fear across taxa and ecosystems.
Introduction
The risk of predation plays a powerful role in shaping behavior of fearful prey, with consequences for individual physiology, population dynamics, and community interactions [1, 2] . Theoretical and experimental research has revealed the importance of heterogeneity within and among habitats as a driver of spatial patterning of predation and prey response (Box 1). Moreover, recent technological advances in the collection of geospatial and animal movement data have allowed more detailed empirical studies of the spatial dynamics of predation and antipredator strategies [3] . Over the past two decades, ecologists have adopted the concept of the 'landscape of fear' (see Glossary) to describe the spatial variation in predation risk as perceived by prey across their foraging or home range [4] . This concept draws on the disciplines of behavioral, population, community, and spatial ecology to consider the role of spatially heterogenous predation risk in driving prey behavior and trophic cascades (Box 2). Research on landscapes of fear has become central to the study of predator-prey interactions and has enhanced our understanding of animal ecology on heterogeneous, dynamic landscapes.
As noted in the past for transformative concepts in ecology such as keystone species [5] and trophic cascades [6] , rapid and widespread adoption of the landscape of fear concept has led to inconsistent definitions and applications. Given the difficulties in measuring risk perception, researchers have adopted a broad range of operational definitions for the concept. Subsequently, 'landscape of fear' has become a catch-all for many spatial phenomena relating to predation and the term is increasingly applied to discussion of risk outside of a spatial context [7] . This drift toward ambiguity has, in turn, fueled significant inconsistencies in how landscapes of fear are measured. While some studies have considered the landscape of fear to be an intrinsic attribute of a physical landscape, others have suggested it is a spatial pattern resulting from predation, a cognitive map of risk perceived by prey, or a measurable response of prey manifested through their spatial distribution or foraging behavior (see supplementary Table S1 Recent technological advances have provided unprecedented insights into the movement and behavior of animals on heterogeneous landscapes. Some studies have indicated that spatial variation in predation risk plays a major role in prey decision making, which can ultimately structure ecosystems.
The concept of the 'landscape of fear' was introduced in 2001 and has been widely adopted to describe spatial variation predation risk, risk perception, and response. However, increasingly divergent interpretations of its meaning and application now cloud understanding and synthesis, and at least 15 distinct processes and states have been described as landscapes of fear.
Here, we refocus the definition of the landscape of fear as an animal's perception of spatial variation in predation risk.
Predation risk, the landscape of fear, and prey antipredator responses map imperfectly onto each other, due to ecological constraints and trade-offs.
The relative importance of the landscape of fear in shaping population dynamics and species interactions varies across systems, and human activity is altering and creating new landscapes of fear for wild animals.
Box 2. Emergence and Limitations of the Landscape of Fear Concept
The 'landscape of fear' term was coined by Laundré and colleagues in 2001 in their paper on elk and bison vigilance and foraging behavior in response to wolf reintroduction in Yellowstone [4] . The core idea existed within earlier concepts (Box 1), like prey depression [79] or predator-induced resource avoidance [90] . However, the term 'landscape of fear' was widely adopted, as it evoked an individual animal navigating a spatially explicit environment of variable predation risk. The landscape of fear captures the human imagination, and is intuitive, evocative, and relatable; in fact, the term originated in the fields of anthropology and human geography, where it is still used to describe spaces that induce dread and terror in people [94] . While the accessibility of the term has made it appealing to researchers and the general public, it has also led to concerns about anthropomorphism and the attribution of conscious emotion to non-human animals [95] . Outside of the landscape of fear literature, there remains considerable debate among psychologists and animal behavior scientists about the definition and measurement of fear in both humans and non-human animals [95, 96] .
Despite the shortcomings of the term 'fear', it has caught on widely, and is generally considered by ecologists to be equivalent to conscious or unconscious risk perception. Fear as an adaptation allows the animal or organism to assign an activity cost to the risk of injury or death [97] . Initially, there was a taxonomic bias towards large terrestrial mammals in the landscape of fear literature. However, within the past several years, the term has been applied to a wide range of taxa, including birds [13, 36] , fish [98] , and invertebrates [99, 100] . Amidst this trend, it has become increasingly common to attribute observed ecological phenomena to landscapes of fear. However, given that at least 15 different processes and states have been called a landscape of fear (online supplementary Table S1), it is no surprise that some so-called landscapes of fear are implicated in so many studies. As the landscape of fear research continues to gain popularity, it is critical to examine its definition, application, and context in predator-prey theory, so that we can refine its use and better design studies to evaluate its role in ecosystems.
Glossary
Antipredator behavior: any action taken by a prey animal to reduce its risk of predation. Antipredator behavior may be reactive (e.g., flight), in the presence of a predator, or proactive (e.g., vigilance), to increase detection of predators or probability of escape given an encounter. Some behaviors may serve proactive antipredator functions in addition to their primary function (e.g., movement, habitat selection). Asset protection principle: an animal in a high energy state, with greater reproductive potential, has more to lose from being killed than an animal in a lower energy state, with a lower reproductive potential. Animals in poor body condition may therefore assess a lower foraging cost at a given level of predation risk. Behaviorally mediated trophic cascade: a phenomenon in which predation risk drives changes in prey behavior (e.g., foraging) and thus alters the composition and structure of lower trophic levels. Giving-up density (GUD): the density of a food resource in a natural or artificial food patch at which a prey animal will cease foraging and abandon the patch. GUDs can be used to evaluate the foraging cost of predation risk, or prey perception of risk. Landscape of fear: the spatial variation in prey perception of predation risk. Predation risk: the likelihood of a prey animal being killed by a predator. Predation risk varies at multiple scales in space and time and among individual prey. Risk effects: the nonlethal or nonconsumptive effects of predators on a prey population, brought about by costly antipredator behavior that affects survival and reproduction. Vigilance: monitoring of the environment to detect threats, including predators. online). Reflecting this confusion, recent studies have dedicated entire paragraphs to clarify their interpretation of the term among the conflicting definitions in the literature [8] .
A common source of confusion among studies of the landscape of fear results from the conflation of spatial patterns of predation risk with prey perceptions of that risk, or with prey antipredator behavior in response to risk perception. The most immediate consequence of this ambiguity in definition is the inappropriate choice of proxies for measuring the phenomenon of interest, which can lead to circular inferences. For example, prey behavior, such as alarm calling or vigilance, is often used as a proxy for predation risk, which is then used to predict other aspects of prey response, such as distribution on a landscape [9] . Notably, the conflation of both predation patterns and prey behavior with the landscape of fear has impeded important discussions about mechanisms that link, or fail to link, risk and response. Amidst this confusion, there has been debate over the ecological importance of fear for prey species and community interactions, with different parties using different definitions for landscapes of fear (cf. [10] [11] [12] ).
Here, in an effort to clarify and refocus the theory and science on landscapes of fear, we advocate for a definition of the landscape of fear as the spatial variation in prey perception of predation risk. The landscape of fear allows prey to integrate spatial variation in threats from predators with other spatially variable opportunities and hazards [13] . For animals with advanced cognition, the landscape of fear may exist as a 'mental map' that an animal proactively responds to, but the landscape of fear can also occur in real time as an animal navigates and responds to a landscape of heterogeneous risk. We introduce a framework around this definition that should allow researchers to better articulate what phenomena they are actually studying and measuring, rather than falling back on the term 'landscape of fear' (Figure 1 , Key Figure) . The framework aims to help researchers to generate hypotheses and understand underlying assumptions.
Below, we apply our framework to discuss how predation risk and behavioral responses map imperfectly onto one another. We contend that understanding these mismatches between risk, perception, and response will not only clarify definitions, but open doors to an array of important questions in predator-prey ecology and evolution and enable an understanding of the relative importance of the landscape of fear across systems.
Mismatches in Predation Risk and Prey Response
Our framework ( Figure 1 ) envisions the landscape of fear at the center of distinct, measurable landscapes corresponding to the physical environment, predation risk, and prey response. By conflating these distinct spatial maps and referring to each of these elements as the landscape of fear ( Figure 2 , supplementary Table S1 online), scientists risk ignoring the important distinctions between them. Furthermore, many studies of the landscape of fear assume a linear relationship between these spatial patterns, but risk and response often fail to map closely onto one another due to nonlinear relationships between, for example, predator activity and predation risk, predator cues and prey perception, or fear and antipredator behavior. An understanding of the pathways linking habitat heterogeneity to antipredator behavior via a landscape of fear, as outlined in Figure 1 , enables predictions about when mismatches will occur between the magnitude and spatial heterogeneity of actual predation risk and prey response to that risk ( Figure 3 ).
First, the landscape of fear will map more or less precisely onto the landscape of predation risk based on the strength and reliability of cues and the sensory and cognitive ability of prey to associate those cues with predation [14] . Given that prey should experience strong selection to
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VegetaƟon, topography, air, water, snowpack, rock, soil Vigilance, foraging, grouping, movement, social behavior Figure 1 . The (i) underlying physical landscape shapes visibility, detection, and movement before and during a predatorprey encounter. The structure of the landscape interacts with (ii) aspects of predator and prey biology to determine patterns of predator and prey distribution and risk. The physical landscape thus sets the stage for (iii) spatial variation in predation risk, or the likelihood of a predation event. This risk is then (iv) imperfectly perceived by prey, based on the reliability of cues, the sensory and cognitive capacities of the prey, and past experiences with predation in the individual's lifetime or in the species' evolutionary history. Cues of predation risk may be indirect (associated with the physical landscape) or direct (associated with predators themselves). The (v) landscape of fear is manifested in measurable behavioral outcomes, as prey (vi) incorporate information about predation risk into decisions about where to go and how to behave. The landscape of fear thus generates two behavioral strategies to proactively minimize risk: (vii) avoidance of highrisk areas, and (viii) modulation of behavior to reduce the probability of suffering predation while at a given location.
be able to detect and respond to predators, mismatches between actual and perceived risk should be common in response to rare or novel habitats or predators [15] . Invasive predators or human-induced habitat changes may create ecological traps, in which prey fail to optimize behavior due to anachronistic landscapes of fear [16] . Such mismatches in actual versus perceived risks may be a hallmark of some captive animals, limiting inferences based on laboratory studies of the landscape of fear [17] . Detection of cues will still be imperfect among prey species that have coevolved with their predators, as predators have evolved crypsis and hunting strategies to avoid detection [18] . When studying landscapes of fear, it is therefore important to understand the cues that are most salient to prey, and the spatial and temporal scales of cue perception [3] . Studies of the chemosensory mechanisms underlying prey risk perception, for example, may provide insight into taxonomic differences in risk perception for many groups of species [19, 20] .
Given the large fitness cost of predation, some prey animals may have evolved a tendency to perceive a higher probability of predation than is actually present, and to 'play it safe' [21] , particularly when the cost of responding is low [22] . By perceiving high risk as a default, prey may exhibit more homogenous antipredator behavioral responses when compared with the heterogeneous landscape of predation risk. The landscape of fear can also amplify underlying variation in predation risk, if cues associated with risk drive exaggerated risk perception. Furthermore, many prey species now live in predator-free environments but still associate landscape cues with predation risk [23] . Such inaccuracies in risk perception suggest that behavior may not always be an appropriate proxy for the actual risk of predation. Even when prey perceive risk with high accuracy, spatial patterns of prey distribution and antipredator behavior rarely correlate perfectly with the landscape of fear due to cost-benefit trade-offs, including those associated with foraging ( Figure 1F ). Prey must balance predator avoidance with other critical life functions, such as acquiring food, and nearly all antipredator strategies entail energetic or opportunity costs. Simply put, predation risk is not the only concern of most prey animals. Physiological, phylogenetic, or ecological constraints may limit a prey animal's ability to respond to perceived predation risk [24] . If required resources like food and water are limited and concentrated, prey may have no choice but to use inherently risky areas [25, 26] . Prey territoriality may also limit prey ability to adjust spatial distributions to avoid predation [27] . Given these constraints, an animal may fail to exhibit antipredator behavior, even when its landscape of fear accurately maps onto landscapes of risk.
Risk
If the relative costs or benefits of antipredator responses vary spatially, prey may exhibit spatial variation in antipredator behavior that does not reflect the landscape of fear. In high-quality forage patches, for example, the costs of antipredator behavior may outweigh benefits of increased foraging, and in very risky areas, antipredator behavior may not substantively reduce probability of detection or escape. For example, arboreal grey squirrels (Sciurus carolinensis) in open areas are less vigilant than squirrels near trees, fitting the prediction that the benefits of vigilance will be greater when there is an easy escape route [28] . To more fully understand how risk translates (or fails to translate) into behavior, we must examine how other fitness-enhancing opportunities and behavioral trade-offs vary in space and time.
Trade-offs associated with foraging and the landscape of fear will also vary greatly with an individual prey animal's state and marginal valuation of food. According to the asset protection principle, an animal in better physical condition has more to lose from being killed than one in poorer condition [29] . Thus, a hungry animal will assess a lower foraging cost at the same level of risk than one that is well-fed, and animals with different resource needs will manifest more or less rugose spatial landscapes of behavioral response [30] . In the extreme, an animal on the verge of starvation should cease to show any spatial variation in fear responses if food is present throughout the landscape, even when predation risk varies strongly in space [31] .
Predicting Landscape of Fear Effects
As the concept of the landscape of fear has gained prominence, researchers increasingly attribute a range of ecological outcomes to predation risk effects [32] , and the role of fear in driving trophic cascades has even become a common media narrative [33] . While fear can play a critical role in determining individual fitness, population dynamics, and community interactions, its relative importance will vary across systems with different predator and prey species and landscape features [24, 34, 35] . By understanding the ecological processes that give rise to, and arise from, the landscape of fear, we can predict where the landscape of fear will have meaningful consequences for prey population dynamics and community structure (see supplementary Table S2 online).
Landscape of fear effects on populations and communities should be most pronounced in landscapes that are highly heterogeneous, since the physical landscape sets the stage for spatial variation in predation risk and associated behavioral trade-offs [36] . For example, in African and North American savannas, structural diversity in the form of open grassland and shrub or wooded patches provides diverse opportunities for escape, hiding, detection, ambush, and capture for prey and predators alike [37] . Prey may not experience or respond to predictably variable predation risk in more homogenous systems like mature European forests [25] and the open ocean [38] . Even in systems with heterogeneous risk, clumped resources may limit foraging opportunities and therefore constrain the ability of prey to incorporate fear into their behavioral decisions [25] .
For landscapes of fear to exist, predation risk must not only vary in space but must vary predictably, and must be associated with cues that create generally reliable signals for prey [39] . Prey may perceive greater risk from cues associated with ambush predators, which require certain forms of habitat structure for cover, than from cues associated with active or coursing predators [40] , a pattern supported by mesocosm studies [41] . Prey must also have the ability to associate cues with risk. In the absence of strong selective pressure on predation risk perception and response over evolutionary history, prey species may fail to perceive a landscape of fear from rare or novel predators [42] . If prey do not perceive and respond to predation risk, landscapes of fear will not play a major role in determining fitness and population dynamics.
Differences in predator and prey densities can lead to widespread variation in predation rates across systems, with implications for landscape of fear dynamics [43] . Landscapes of fear are more likely to influence prey behavior where encountering a predator brings a high risk of attack, but encounters are infrequent. Conversely, as summarized by the risk allocation hypothesis, prey experiencing frequent encounters with predators may live in a state of constant fear and exhibit less spatial structure in their antipredator responses [44] . Furthermore, for a given prey species, the population effects of landscapes of fear should be strongest when there are similar spatial patterns of predation risk for all of their predators. In contrast, when prey must trade off contrasting landscapes of risk among multiple predators, the landscape of fear may be relatively homogenous, particularly under predator facilitation where each predator is more dangerous in a different habitat [45] [46] [47] .
Finally, even when predictable landscapes of fear exist and generate prey responses, these responses may not meaningfully impact prey population dynamics. While classical models of the landscape of fear assume there to be a strong cost to antipredator behavior due to trade-offs between risk avoidance and foraging or other activities, such trade-offs may not always occur, particularly when prey rely more strongly on physical defenses than behavioral defenses [24] . Also, prey with dietary breadth or plasticity, or abundant food resources, may be able to choose among equivalent foraging areas to reduce predation risk [26] , particularly when predators have a narrow habitat domain [34] . Sometimes, the riskiest habitat is also the habitat with the lowest-quality forage [48] , and prey may be able to avoid risk while tracking food [49] . In these cases, landscapes of fear will play a negligible role in prey population level outcomes, although they may still alter community structure at lower trophic levels. Furthermore, risk mitigation strategies, like vigilance, may not be mutually exclusive with other fitness-enhancing behaviors, like foraging, depending on an animal's physiology. Even where trade-offs do exist, and predation risk generates costly responses in prey, such costs may be insufficient to determine reproductive (fitness) outcomes or drive population dynamics and trophic cascades [43] .
Studying Landscapes of Risk and Response
As scientists utilize remote sensing, geographic information systems (GIS), and global positioning system (GPS) technology, there is growing interest in moving beyond simple designations of safe and risky habitats to quantify spatially explicit landscapes of risk and prey response. Much of our understanding of nonlethal predator effects comes from laboratory or mesocosm experiments, and there is a need to examine the determinants and consequences of landscapes of fear in natural systems [7] . Opportunities exist to evaluate the hypotheses that emerge from our framework regarding the causes and consequences of mismatch between predation risk and prey response, and the relative strength of landscape of fear effects on population dynamics and species interactions.
Thus far, ecologists have used a wide range of observational and experimental methods to measure and map what they have defined as a landscape of fear (Figure 2 ), and these different approaches have hindered comparisons across systems [50] . For example, distribution of kill sites by a predator is often used to infer landscapes of fear [50] , but predation patterns can be skewed by variation in density and activity of prey across the landscape. Vigilance by prey is another commonly used proxy for measuring risk, but, as discussed above, vigilance may actually be lower in the riskiest habitats, and 'safe' places may be made so by heightened vigilance [28] . Mapping activity patterns of prey across space is also commonly related to predation risk [46] , but these patterns are often linked to other features of the landscape, such as patterns of resource productivity or distribution of potential competitors (intra-or interspecific) or mates. Spatial variation in giving-up densities (GUDs) in natural or experimental food patches across a landscape may indicate differences in the perceived foraging cost of predation, proportional to predation risk [1] , although GUDs pose methodological challenges (see [51, 52] ).
This diversity of imperfect approaches for measuring landscapes of fear is understandable, given the complexities of ecological systems (Box 3) and the challenges associated with quantifying perception. While there have been recent advances in our understanding of the cognitive basis of risk perception [53, 54] , studying cognition in wild animals presents significant challenges. Perceived risk may be associated with quantifiable physiological parameters, such as glucocorticoid stress hormones and heart rate [55, 56] , but these physiological responses do Box 
A Community Level Perspective
The simplest models of the landscape of fear assume a single predator and prey, but the consequences of landscapes of fear often involve multiple trophic levels. Acknowledging the complexity of landscapes of fear within a community ecology framework is essential for realistically quantifying their role in shaping ecosystem dynamics [32] . While we present the landscape of fear as an experience of an individual prey animal navigating risk trade-offs, it corresponds to related patterns at other trophic levels. The landscape of fear for a prey species is simultaneously a landscape of opportunity for predators, and a landscape of refuge for the species consumed by prey [101] .
There are dynamic feedbacks across trophic levels, as predators perceive and respond to the prey species' response [102] . Ultimately, underlying habitat heterogeneity can be shaped by fear responses of foraging prey through behaviorally mediated trophic cascades, feeding back (e.g., through vegetation height or density) to alter spatial patterns of predation risk. Often the standing crop of resources will be the inverse of the landscape of fear as animals deplete food availability where they feel safe and leave more food behind where risky [98] . Prey can also intentionally engineer the physical landscape to reduce predation risk in a given area [103] .
Efforts to quantify cascading consequences of fear provide compelling new insights on the ecosystem impacts of individual responses to fear. For example, an apex predator can alter the landscape of fear of a herbivore through fearinduced behavioral changes in an intervening mesopredator [104] . Lower-trophic level prey may even deliberately select for areas with apex predators, using them as cover from mesopredators that present more risk to the prey in question [105] .
Multi-predator systems require that prey respond to multiple sources of risk, which can be additive or orthogonal depending on predator distributions and hunting modes [46] . To explore this complexity, some studies have overlain multiple maps of predation risk arising from different types of predators in an attempt to quantify their relative effects on prey behavior [9] . Furthermore, the availability of alternative prey species can affect predation risk, dependent on prey switching and predator preferences. In multi-prey systems, competition and apparent competition can influence landscapes of predation risk and response [106] . For example, caribou perceive heightened predation risk in areas of high moose density, presumably because moose are a primary prey species for wolves [107] .
not always align well with cognitive processes given their energetic costs and associated tradeoffs [55] . Furthermore, lag times in physiological responses can complicate studies of spatiotemporal variability.
Given the difficulties associated with measuring the cognitive or emotional state of an animal, research on the landscape of fear may be better served by explicitly measuring predation risk and behavioral responses and exploring congruence or mismatch between them, rather than further attempts to map the landscape of fear itself. Progress in the study of landscapes of fear will depend on researchers becoming more deliberate in selecting relevant variables to quantify (i.e., predation events, predation risk, prey distribution, prey behavior), choosing suitable methods, and clearly defining concepts and the relationships among variables of interest.
In the online supplementary Table S3 , we compile a list of measurable proxies for both spatial variation in predation risk and behavioral responses of prey and describe how each of these proxies relates mechanistically to the landscape of fear.
Ideally, by clarifying the elements that comprise a landscape of fear ( Figure 1 ) we aim to reduce some of the difficulties outlined above by guiding study designs that account for the factors influencing the spatial and temporal scales of landscape of fear dynamics. In addition to reflecting the home range sizes and body sizes of both predator and prey, ecologically relevant scales will depend on the hunting behavior of predators, flight and escape behavior of prey, and detection abilities of predators and prey [57] . Individual animals experience and respond to landscapes of fear at multiple scales, incorporating risk into selection of both broad habitat and Box 
Landscapes of Fear in the Anthropocene
Our framework highlights pathways through which disturbance alters and creates landscapes of fear. Changes in land use through agriculture [108] and deforestation [109] , as well as pollution [110] , shape habitat structure, quality, and heterogeneity. Human activity thus alters the playing field for predator-prey dynamics, changing the effectiveness of predator and prey strategies and prey trade-offs, constraining the spatial scale of prey responses, and sometimes even altering sensory cues [99] . Climate change has also been implicated in reshaping landscapes of fear by changing habitat structure and habitat domain of predators and prey [111, 112] .
Human activity has also fundamentally changed the nature of predation risk. The decline of large terrestrial carnivores through persecution and habitat loss has had clear consequences through the creation of landscapes of fearlessness, and many studies have documented fearless prey transforming ecosystems in the absence of predators [23, 113] . Consequently, some conservation biologists have advocated for the restoration of landscapes of fear through carnivore reintroductions [114] , although some studies suggest prey exhibit atypical fear responses to reintroduced predators [115] . In other cases, the provision of anthropogenic subsidies to predators or the introduction of invasive predators has increased populations or changed hunting patterns, with consequences for landscapes of fear in native prey [116] .
In addition to disrupting predation risk, humans also represent a new apex 'super-predator' [117, 118] . In places with hunting, lethal human activity creates potentially novel landscapes of fear for targeted species [119] , with possible consequences for physiology, prey demographics, and the structure of human-natural communities. However, animals perceive risk from humans even in the absence of lethal reinforcement [120] , and anthropogenic landscapes of fear have been linked to demographic consequences [121] . Human activity can also initiate behaviorally mediated trophic cascades: 'human shields' can arise when a predator avoids humans, leading prey to preferentially seek refuge in those areas [58, 122] . Ultimately, the landscape of fear associated with humans selects for species with plastic responses to threatening stimuli, resulting in habituation to nonlethal human activity over time [123] .
The landscape of fear framework can inform the design of strategies to reduce human-wildlife conflict, including threats to people, livestock, agriculture, and property. Many conflict mitigation techniques, like novel sensory stimuli or targeted lethal control, for example, are aimed at imposing landscapes of fear on target species so that animals avoid areas of potential conflict [124, 125] . By understanding the sensory cues that generate fear in animals, and the behavioral responses and trade-offs associated with them, managers can better design mitigation strategies to effectively change wildlife behavior [126] . microhabitat [58, 59] . Furthermore, while terrestrial landscapes of fear are often conceptualized and mapped as two-dimensional, many volant, arboreal, subterranean, or aquatic animals experience 3D landscapes of fear [60, 61] .
Regular changes at any given site in habitat structure, resource distribution, and productivity over time further complicate efforts to depict a single landscape of fear. Studies often present the landscape of fear as temporally static, but prey experience temporal variation in the magnitude of predation risk and in resource trade-offs, often on multiple time scales. Understanding the temporal dynamics of predator and prey ecology and behavior is as important as defining appropriate geographic scales in studies of the landscape of fear. Landscapes of fear vary predictably with daily [8, 62] , monthly (lunar) [63, 64] , or seasonal cycles [65, 66] . Studies should account for this temporal variation by framing the question of interest. The measurement of a landscape of fear may be a single snapshot in time if the question concerns how the temporary presence of a predator influences the animal's fear responses. But this scale may not be useful when integrating across time scales where prey modulate their activity to take advantage of safe times and places to obtain food, and consequently influence the distribution and abundance of their food.
Finally, our framework emphasizes that the landscape of fear also varies among individual animals living on the same physical landscape and at the same time. Factors like sex, age, reproductive status, and body condition can affect an individual's vulnerability to predators, its perception of risk at a given time and place, and the trade-offs involved in its response [67, 68] . Recent studies have linked antipredator behavior to personality or behavioral syndromes, with some individuals inherently more fearful than conspecifics [69] [70] [71] . Thus, population level results should be interpreted with the understanding that they may describe an averaging of individual prey responses.
Concluding Remarks
The landscape of fear is an important concept in ecology, integrating behavioral, population, and community responses to predation and providing a central organizing principle for the study of predator-prey dynamics on heterogeneous landscapes. Despite broad acceptance and growth in the application of the landscape of fear concept, inconsistencies in its definition and application have clouded synthesis and advancement of theory. The landscape of fear has been repeatedly conflated with the physical landscape, spatial patterns of predation and predation risk, and heterogeneity in prey distribution and behavior. We suggest the use of a narrower definition of the landscape of fear as spatial variation in risk perception, and advocate for the use of more precise and appropriate terminology to describe the patterns of risk and prey behavior that are actually being studied (Figure 1 ).
By clarifying nonlinear relationships between the physical landscape, predation risk, risk perception, and prey response, we highlight the complexity of animal fear while clarifying concepts to guide future research. While our landscape of fear framework is grounded in predator-prey interactions, it provides a useful lens to conceptualize the way that animals perceive and respond to various risks as they navigate complex environments, including, for example, competition [72] and parasite or disease risk [73] . A synthetic understanding of the landscape of fear will enable comparisons of its role across taxa and ecosystems and improve predictions and studies of the effects of the landscape of fear on individual fitness, population dynamics, and community interactions (see Outstanding Questions). Such research is especially critical as humans reshape landscapes of fear through predator removal and reintroduction, habitat modification, and intensification of activities such as hunting and recreation (Box 4).
Outstanding Questions
What predation risk cues are most salient for prey species in generating a landscape of fear?
At what spatial and temporal scales do prey perceive and respond to heterogeneity in predation risk?
How does a species' evolutionary history influence its landscape of fear dynamics, including mismatch/alignment between risk, perception, and response?
How do predator responses to prey antipredator strategies reshape landscapes of fear?
What are the dynamics of landscapes of fear in multi-predator, multi-prey systems?
Under what ecological conditions do landscapes of fear scale up to drive population demographics and trophic interactions?
